The photoreceptors UV RESISTANCE LOCUS 8 (UVR8) and CRYPTOCHROMES 1 and 2 38 (CRYs) play major roles in the perception of UV-B (280-315 nm) and UV-A/blue radiation 500 nm), respectively. However, it is poorly understood how they function in sunlight. The roles of 40 UVR8 and CRYs were assessed in a factorial experiment with Arabidopsis thaliana wild-type and 41 photoreceptor mutants exposed to sunlight for 6 h or 12 h under five types of filters with cut-offs in 42 UV and blue-light regions. Transcriptome-wide responses triggered by UV-B and UV-A 43 wavelengths shorter than 350 nm (UV-A sw ) required UVR8 whereas those induced by blue and UV-44 A wavelengths longer than 350 nm (UV-A lw ) required CRYs. UVR8 modulated gene expression in 45 response to blue light while lack of CRYs drastically enhanced gene expression in response to UV-46 B and UV-A sw . These results agree with our estimates of photons absorbed by these photoreceptors 47 in sunlight and with in vitro monomerization of UVR8 by wavelengths up to 335 nm. Motif 48 enrichment analysis predicted complex signaling downstream of UVR8 and CRYs. Our results 49 highlight that it is important to use UV waveband definitions specific to plants' 50 photomorphogenesis as is routinely done in the visible region. 51 52 Keywords 53 54 Arabidopsis thaliana, blue light, cryptochrome, gene expression, photoreceptor interaction, solar 55 radiation, ultraviolet radiation, UVR8. 56 57 Acknowledgements 58 59 We acknowledge Petri Auvinen (University of Helsinki) for RNA-sequencing. 60 61 Conflict of Interest 62 63
controlled conditions has shown that the photoreceptors UV RESISTANCE LOCUS 8 (UVR8) and 98 All rights reserved. No reuse allowed without permission. perpetuity. preprint (which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in The copyright holder for this . http://dx.doi.org/10.1101/2020.01.21.913814 doi: bioRxiv preprint first posted online Jan. 22, 2020; photosynthetic light reaction, the Calvin cycle, phenylpropanoid metabolic pathway and stress 133 response (Ohgishi et al., 2004; Kleine et al., 2007) . Upon absorption of blue light photons, CRYs 134 alter conformation from monomers to homodimers and oligomers (Wang et al., 2016) . CRYs 135 homodimers or oligomers interact with COP1 and SUPPRESSOR OF PHY A (SPA) proteins 136 through various mechanisms (Yang et al., 2001; Wang et al., 2001; Lian et al., 2011; Liu et al., 137 2011b; Zuo et al., 2011; Podolec & Ulm, 2018) . These interactions stabilize HY5 abundance and 138 consequent transcriptional regulation (Liu et al., 2011a; Yang et al., 2017; Podolec & Ulm, 2018) . 139
CRYs also interact directly with TFs such as BES1, BIM1, CRYPTOCHROME-INTERACTING 140 basic helix-loop-helix 1 (CIB1), PHYTOCHROME-INTERACTING FACTOR 4 (PIF4) and PIF5 141 regulating transcription (Liu et al., 2008; Pedmale et al., 2016; Wang et al., 2018) To assess the roles of UVR8 and CRYs in the perception of solar UV-B, UV-A and blue radiation, 162
we measured transcriptome-wide responses in Arabidopsis plants exposed to sunlight. We also 163 measured the in vitro absorption spectrum of UVR8 in the UV-C, UV-B, UV-A and visible regions 164 (250-500 nm), the in vitro monomerization of UVR8 by different UV-A wavelengths, and 165 estimated numbers of sunlight photons absorbed by UVR8 and CRYs. We tested four hypotheses: 166 All rights reserved. No reuse allowed without permission. perpetuity. preprint (which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in The copyright holder for this . http://dx.doi.org/10.1101/2020.01.21.913814 doi: bioRxiv preprint first posted online Jan. 22, 2020; 1) the perception of solar UV-B and UV-A wavelengths up to 350 nm (UV-A sw ) is through UVR8, 167
2) the perception of solar UV-A wavelengths above 350 nm (UV-A lw ) and blue light is through 168 CRYs, 3) crosstalk between UV-B/UV-A sw and UV-A lw /blue light signaling is asymmetric in plants 169 exposed to sunlight, and 4) gene expression responses to different wavelengths of sunlight are 170 coordinated by multiple TFs resulting in multiple patterns of expression. 171 172 2 MATERIALS AND METHODS 173 174
Plant material and treatments 175 176
Arabidopsis thaliana ecotype Landsberg erecta (Ler) and the photoreceptor mutants uvr8-2 (Brown 177 et al., 2005) and cry1cry2 (Neff & Chory, 1998) were used. The uvr8-2 genotype carries a mutation 178 in the C-terminus of the UVR8 protein that impairs signaling in response to UV-B (Cloix et al., 179 2012) . The cry1cry2 genotype carries null mutations for CRY1 and CRY2 protein and consequently 180 is impaired in blue light perception through CRYs (Mazzella et al., 2001) . Seeds from different 181 genotypes used in the experiments were previously grown and harvested under the same growth 182 conditions. Seeds were sown in plastic pots (8 cm × 8 cm) containing a 1:1 mixture of peat and 183 vermiculite and kept in darkness at 4 °C for 3 d. Subsequently, the pots were transferred to 184 controlled-environment growth room at 23 °C:19 °C and 70%:90% relative humidity (light:dark) 185 under 12 h photoperiod with 280 µmol m −2 s −1 white light irradiance, 12 mol day -1 (Osram T8 L 186 36W/865 Lumilux). Rosco filter E-color 226 was used to block the small amount of UV-A radiation 187 emitted by the lamps. Four seedlings of the same genotype were transplanted into each plastic pot 188 (8 cm × 8 cm). After transplanting, plants were kept for 14 d in the same growth room and 189 conditions. 190
191
For exposure to sunlight, plants were moved to the field (Viikki campus, University of Helsinki, 192 60°13′N, 25°1′E) on 21 August 2014 between 07:30 and 08:15. Five treatments were created with 193 different plastic sheets (3 mm thick) and a film (0.12 mm thick) used as long-pass optical filters to 194 selectively exclude different wavebands of the UV and blue regions (Figure 1 , Methods S1). The 195 filters were kept 10-15 cm above the top of the plants, on their south and north edges, respectively. 196
Their transmittance was measured with a spectrophotometer (model 8453, Agilent, Waldbronn, 197
Germany, Figure 1) . Treatments were randomly assigned within four blocks (biological replicates). 198
One tray was kept under one filter and there was one filter of each type per block. Each tray 199 All rights reserved. No reuse allowed without permission. perpetuity. preprint (which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in The copyright holder for this . http://dx.doi.org/10.1101/2020.01.21.913814 doi: bioRxiv preprint first posted online Jan. 22, 2020;
contained two pots per genotype, positioned at random within the trays, for sampling after 6 h and 200 12 h. 201 202
Light conditions and sampling outdoors 203 204
Hourly solar spectra at ground level were modeled for the 12 h of exposure period using a radiation 205 transfer model (libradtran, Emde et al., 2016) and cloudiness estimates derived from global 206 radiation measurements (Lindfors et al., 2009) . Figure S1 shows the solar spectrum at different 207 times of the day when plants were moved outdoors. Figure S2 shows the hourly mean photon 208 irradiance of UV-B (290-315 nm), UV-A sw (315-350 nm), UV-A long-wavelength (UV-A lw 350-209 400 nm), blue (400-500 nm) and PAR (400-700 nm), for the broader wavebands perpetuity. preprint (which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in The copyright holder for this . http://dx.doi.org/10.1101/2020.01.21.913814 doi: bioRxiv preprint first posted online Jan. 22, 2020;
instructions. The library concentration was measured using Qubit Fluorometer (Life Technologies,  233 Carlsbad, CA, USA), and quality and size were checked by Fragment Analyzer (Agilent 234 Technologies). Libraries were sequenced on NextSeq 500 (Illumina) generating single end 75 bp 235 reads. RNA-seq raw data was deposited at Gene Expression Omnibus (accession number 236 GSE117199). 237 238 RNA-seq data analysis was done using the JAVA-based client-server system, Chipster ( on 10 April 2019. Pathways whose definition included at least 15 but not more than 250 genes were 266 All rights reserved. No reuse allowed without permission. perpetuity. preprint (which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in The copyright holder for this . http://dx.doi.org/10.1101/2020.01.21.913814 doi: bioRxiv preprint first posted online Jan. 22, 2020; included in the analysis. The enrichments were tested for all lists of DEGs from the contrast tests 267 described above, and all the genes expressed in our experiment were used as background. 268
Conditions used to assess significance of pathway enrichment were P-value cut-off of 0.01 and at 269 least 1/3 of pathway genes differentially expressed. All pathways fulfilling both conditions in at 270 least one treatment contrast are reported. The regular expressions were matched in R, and PSWM hits were identified using MEME 281 (Ambrosini et al., 2018) with default thresholds. The significance of the overlap between the gene 282 lists and motif occurrences was then tested with Fisher exact test, followed by FDR correction using 283
Benjamini-Hochberg correction. Based on the motifs enriched in each of the separate lists of up or 284 downregulated genes for the 12 waveband × genotype combinations, we identified putative TFs 285 which could regulate the expression of those genes. Clustering was done over the obtained lists of 286 TFs, based on the adjusted P-values for enrichment in each contrast and genotype combination. For 287 visualization, the P-values were first restricted to the range of 1 to 10 -4 by converting all smaller 288 values to 10 -4 , and subsequently applying a log 10 transformation. Clustering and plotting of the 289 heatmaps was done with R package pheatmap 1.0.12 (Kolde, 2019) . The cut point at 12 clusters was 290 subjectively chosen for plotting; cutting introduces visual breaks without changing the cluster tree 291 or the heatmap in any other way. The ordering of the tree was done with R package dendsort 0. perpetuity. preprint (which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in The copyright holder for this . http://dx.doi.org/10.1101/2020.01.21.913814 doi: bioRxiv preprint first posted online Jan. 22, 2020;
primers listed in Table S1 . In every run, normalized expression values were scaled to sample Ler λ 300 > 400 nm, log 10 transformed, and exported from qbase PLUS for statistical analyses in R. Linear 301 mixed-effect models with block as a random factor were fitted using function lme from package 302 Bioinformatics (Gasteiger et al., 2005) . 333 All rights reserved. No reuse allowed without permission. perpetuity. preprint (which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in The copyright holder for this . http://dx.doi.org/10.1101/2020.01.21.913814 doi: bioRxiv preprint first posted online Jan. 22, 2020; Figure S3 ). Furthermore, we validated the expression profiles obtained by 356 RNA-seq with qRT-PCR using 11 genes responsive to UV radiation, and/or blue light, or involved 357 in hormone responses (Table S1 ). The high positive correlation, R 2 = 0.85, between the two 358 methods validates the RNA-seq data ( Figure S4 Moreover, less than half of the DEGs responding to UV-B were specific, as the remaining ones 364 responded also to UV-A, blue or both. In contrast, of the DEGs responding to UV-A or blue, more 365 than half were specific (Figure 2a ). 366 367 All rights reserved. No reuse allowed without permission. perpetuity. preprint (which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in The copyright holder for this . http://dx.doi.org/10.1101/2020.01.21.913814 doi: bioRxiv preprint first posted online Jan. 22, 2020;
In uvr8-2, out of 2095 DEGs only 53 (35 UP, 18 DOWN) responded to UV-B (Figure 2b) . The 368 number of DEGs responding to UV-A was only 1/3 of that in Ler (356 differentially expressed, DE; 369 125 UP, 231 DOWN) while also the number of DEGs responding to blue light was only 2/3 of that 370 in Ler (1849 DE; 763 UP, 1086 DOWN) (Figure 2a,b ). Furthermore, 1/3 of the DEGs responding to 371 blue in uvr8-2 were unique and not shared by Ler and cry1cry2 ( Figure S5) . Thus, the results 372 confirm our hypothesis that UVR8 plays a role in UV-A perception and also indicate that functional 373 UVR8 modulates gene expression responses to solar blue wavelengths. (Figure 3c ). The number of DEGs responding to UV-A sw in 388 cry1cry2 was more than six times those responding to UV-A sw in Ler, a similar but stronger effect 389 to that of UV-B (Figure 3a,c) . Furthermore, 3/4 and 9/10 of the DEGs responding to UV-B and UV-390 A sw , respectively, in cry1cry2 were unique and not shared by Ler or uvr8-2 ( Figure S5) . Here, it 391 should be noted that the individual numbers of DEGs under UV-A sw and UV-A lw add up to a 392 smaller number than the number of DEGs for whole UV-A region (315-400 nm) (cf. Figures 3 and  393 2). This difference mainly arises from statistically comparing pairs of treatments that correspond to 394 smaller (UV-A sw and UV-A lw ) or larger (whole UV-A) amounts of sunlight attenuation. perpetuity. preprint (which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in The copyright holder for this . http://dx.doi.org/10.1101/2020.01.21.913814 doi: bioRxiv preprint first posted online Jan. 22, 2020; responding in cry1cry2 increased to 2.7 times of those in Ler. The number of DEGs responding to λ 402 > 350 nm in cry1cry2 decreased to 1/35 of those in Ler, while the number of those responding in 403 uvr8-2 also decreased but only to 4/5 of those in Ler (Figure 4) . This test indicates that in sunlight 404 functional UVR8 is required for transcriptome-wide response to with their absorption spectra, we estimated the relative number of photons absorbed by both 426 photoreceptors given the solar spectral irradiance on the sampling day under each filter ( Figure 5) . 427
For UVR8 we used a newly measured absorption spectrum extending into the visible region ( Figure  428 S7), while for CRYs we used a published absorption spectrum for CRY2 (Banerjee et al., 2007) . As 429 a result of the shape of the solar spectrum, the estimates showed that UV-A sw was the band where 430 UVR8 was predicted to absorb most photons. Relative to these maxima, UVR8 was predicted to be 431 the main UV-A sw photoreceptor. In the UV-A lw our estimates showed that both CRYs and UVR8 432 absorbed a large number of photons (Figure 5) . While UVR8 absorbed a considerable number of 433 blue photons, CRY2 absorbed very few UV-B photons. 434 435 All rights reserved. No reuse allowed without permission. perpetuity. preprint (which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in The copyright holder for this . http://dx.doi.org/10.1101/2020.01.21.913814 doi: bioRxiv preprint first posted online Jan. 22, 2020;
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Eleven members of HD-ZIP TFs including HAT5 grouped in cluster D and were enriched for 469 decreased transcript abundance only in response to blue light in Ler and uvr8-2 but in response to 470 UV-B and UV-A sw only in cry1cry2 (Figure 7) . Out of these 11 TFs, four including HAT5 were 471 differentially expressed. Cluster E which follows a response pattern similar to that of cluster D 472 contains TFs from a mix of families of which eight were differentially expressed. 473 474 Five GATA TFs were enriched for DEGs repressed by blue only in Ler whereas in the other two 475 mutants these TFs were not enriched for any response (cluster F, Figure 7) . WRKY TFs were 476 enriched only for DEGs with decreased expression in response to UV-A sw in cry1cry2 (cluster G). 477
The number of differentially expressed TFs were 1 and 9 in clusters F and G, respectively. The 478 remaining clusters (H-L) showed multiple but poorly defined patterns of enrichment. 479 480
Transcript abundance after 6 h and 12 h 481 482
We used qRT-PCR to determine changes in transcript abundance after 6 h (mid-day) and after 12 h 483 (before sunset) of exposure to filtered solar radiation, allowing the assessment of transcript 484 abundance at two times of the day when solar UV-B:UV-A photon ratio was very different. We 485 tested 11 genes (Figures 8, S9) . The three-way interaction, treatment × genotype × exposure time, 486 was significant for four genes: RUP2 (involved in UVR8 signaling), CHALCONE SYNTHASE 487 (CHS) and CHALCONE ISOMERASE (CHI) (flavonoid biosynthesis); and SOLANESYL 488 DIPHOSPHATE SYNTHASE 1 (SPS1) (ubiquinone biosynthesis) ( Figure 8 , Table S2 ). This 489 indicates that in sunlight the role of UVR8 and CRYs in the regulation of transcript abundance of 490 these genes changed in time. For these four genes across all genotypes, the response to filter 491 treatments at 6 h was stronger than at 12 h. 492 493 Solar UV-B at 6 h increased transcript abundance of CHI and CHS in all genotypes and of RUP2 in 494
Ler and cry1cry2 but not in uvr8-2 (Figure 8 ). This response to UV-B was stronger in cry1cry2 than 495 in Ler for all these genes. Solar UV-A sw at 6 h increased transcript abundance of CHI, CHS, RUP2 496 and SPS1 in Ler and cry1cry2 but not in uvr8-2. As for UV-B, the transcript abundance response to 497 6 h of UV-A sw was stronger in cry1cry2 than in Ler for these four genes. Both solar UV-B and UV-498 A sw at 12 h increased the abundance of CHS, but only in cry1cry2. These results support regulation 499 of transcript abundance by UVR8 in both UV-B and UV-A sw , antagonized by CRYs. 500 501 All rights reserved. No reuse allowed without permission. perpetuity. preprint (which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in The copyright holder for this . http://dx.doi.org/10.1101/2020.01.21.913814 doi: bioRxiv preprint first posted online Jan. 22, 2020;
Solar UV-A lw at both 6 h and 12 h decreased the transcript abundance of CHS in cry1cry2 (Figure  502 8). UV-A lw at 12 h increased the transcript abundance of RUP2 in Ler and of SPS1 in both Ler and 503 uvr8-2 but not in cry1cry2. Overall, transcript abundance was less responsive to UV-A lw than to 504 UV-A sw . Solar blue light at 6 h increased transcript abundance of CHI, CHS and RUP2 in all 505 genotypes whereas of SPS1 in Ler and uvr8-2 but not in cry1cry2. Blue light at 12 h increased the 506 abundance of CHI and RUP2 only in Ler and uvr8-2, and of CHS in all three genotypes, but less in 507 However, here we show that UVR8 mediates transcriptome-wide changes in response to both solar 517 UV-A sw and UV-B (Figures 2-4) . Assuming that UVR8 monomers are required for signaling and 518 response (Rizzini et al., 2011) , for UVR8 to mediate responses to UV-A sw it must absorb enough 519 photons at these longer wavelengths and monomerize. Our in silico estimates based on spectral 520 absorbance predict that UVR8 absorbs more UV-A sw photons than UV-B photons in sunlight 521 ( Figure 5 ), because sunlight contains at least 30 times more UV-A sw photons than UV-B photons 522 (Aphalo, 2018) . This explains why the role of UVR8 in UV-A sw perception has not been observed 523 in earlier studies using artificial light with unrealistically high UV-B:PAR and low UV-A:PAR 524 ratios. We also show that in vitro UVR8 dimers convert to monomers when exposed to radiation of 525 wavelengths between 300 nm and 335 nm but not in response to longer wavelengths ( Figure 6 ). As 526 the UVR8 protein does absorb photons at wavelengths longer than 335 nm, a possible explanation 527 for this transition between 335 nm and 340 nm is a threshold in the energy per photon required for 528 monomerization. The dose we used at 335 nm was more than 3000 times the maximum used by We also found that UVR8 affected blue light-induced gene expression, as fewer and in part 533 different genes responded to blue light in uvr8-2 when compared to Ler (Figures 2a,b, S5 ). This 534 effect was unexpected, as the effect of blue light was assessed in a background of strongly 535 All rights reserved. No reuse allowed without permission. perpetuity. preprint (which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in The copyright holder for this . http://dx.doi.org/10.1101/2020.01.21.913814 doi: bioRxiv preprint first posted online Jan. 22, 2020; attenuated UV-B and UV-A. Furthermore, KEGG pathway analysis indicates that functional UVR8 536 might be required for blue-light-dependent expression of genes involved in ribosome biogenesis, 537 protein processing and endocytosis ( Figures S6a-c) . Our estimates also predict that photon 538 absorption by UVR8 in sunlight extends as far as the blue region ( Figure S7) , where we observed 539 UVR8-dependent modulation of these specific responses to solar blue instead of a clear-cut 540 requirement as at shorter wavelengths. Although evidence for perception of blue light by UVR8 is 541 weak, the lack of monomerization in response to wavelengths longer than 335 nm suggests that 542 photoreception by UVR8 at longer wavelengths would have to depend on a different mechanism. 543 544 Our transcriptomic data at 6 h (solar noon) indicate that CRYs are the main photoreceptors 545 mediating gene expression responses to solar blue and UV-A lw , but not to UV-A sw . This contrasts 546 with the currently accepted role of CRYs in perception of the whole UV-A waveband (Yu et al., 547 2010 ). Yet, the absence of CRYs increased the number of DEGs up to three times in response to 548 UV-B and up to six times in response to UV-A sw (Figures 2a,c and 3a,c) , an unexpectedly large 549 effect affecting many metabolic processes ( Figure S6 ). However, while CRYs absorb comparatively 550 fewer photons at these shorter wavelengths than in the blue, the effect of UV-B and UV-A sw 551 exposure was assessed in a background of UV-A lw and blue radiation, a condition under which 552 CRY signaling was activated in the WT but not in cry1cry2. Thus, the previously described 553 negative regulation of four UVR8-mediated genes by CRYs in UV-B and UV-A sw (Rai et al., 2019) 554 was now expanded to the whole transcriptome indicating an interaction between UVR8 and CRYs 555 leading to wide-ranging regulation of primary and secondary metabolism (Figures 2-4, S6) . 556 Furthermore, this negative regulation was observed using qRT-PCR at both 6 h and 12 h for CHS 557 ( Figure 8 ) indicating that this effect can persist until the end of the photoperiod even though UV-B 558 irradiance was very low at this time, suggesting a carry-over effect. The transcript abundance of 559 RUP1 and RUP2 was increased in response to UV-A sw in cry1cry2 compared to Ler (Figure 8) , 560
indicating that the crosstalk between UV-B/UV-A sw and UV-A lw /blue signaling pathways may 561 involve RUPs. In addition, a recent study demonstrated that both UVR8 and CRYs use VP motifs to 562 compete for binding the WD40 domain of COP1 (Lau et al., 2019) . Therefore, crosstalk between 563 the two signaling pathways could involve COP1. These earlier results together with our new 564 observations provide a good starting point for future studies on the molecular mechanism of 565 interaction between UVR8 and CRYs in sunlight and its relevance to plant adaptation and 566 acclimation to diurnal and seasonal variation in the solar spectrum. 567 568
Putative TFs behind different patterns of gene expression response 569
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570
Our promoter enrichment analysis highlights the possible roles of several TFs in controlling the 571 observed gene expression responses downstream of UVR8 and CRYs. The analysis predicted that 572 MYB TFs, known regulators of flavonol accumulation (Stracke et al., 2007) , regulate the 573 expression of genes responding to UV-B partially independent of UVR8, and of those responding to 574 UV-A sw through UVR8 (Figure 7, cluster A) . The data also show that HAT5 and PIF5 (clusters D, 575 E) are predicted to specifically regulate gene expression in response to solar blue through CRYs. 576
These results in sunlight agree with a previous report where PIF5 is shown to function downstream 577 of CRYs to mediate hypocotyl elongation in response to artificial blue light (Pedmale et al., 2016) . photoreceptor" UVR8 played a role in the perception of solar UV-A sw can be explained by the 599 numbers of solar UV-B and UV-A sw photons predicted to be absorbed by UVR8, a physico-600 chemical mechanism. Our prediction of photons absorbed by UVR8 was made possible by the new 601 spectral absorbance data we report, demonstrating the usefulness of extending such measurements 602 far along the tails of absorption spectra. We also observed in vitro monomerization of UVR8 dimers 603 All rights reserved. No reuse allowed without permission. perpetuity.
exposed to wavelengths between 300 and 335 nm but not when exposed to longer ones, extending 604 previous knowledge into longer wavelengths. This lack of monomerization may explain why UVR8 605 does not play an important role in the perception of UV-A lw . Thus, we describe the mechanism by 606 which the steep slope of the solar spectrum in the UV region shifts perception of solar radiation by 607 UVR8 towards longer wavelengths than frequently assumed. 608 609 When considering both UVR8 and CRYs, we observed that the transcriptome-wide response 610 triggered by UV-B and UV-A sw exposure was very strongly and negatively regulated by CRYs. The 611 reverse effect, modulation by UVR8 of gene expression in response to blue light was also observed 612 although it was much weaker. These results demonstrate for the first time the extent of the effect of 613 interactions downstream of UVR8 and CRYs on the transcriptome. These data also allowed us to 614 putatively identify several metabolic pathways affected by the interaction. 615 616 Specific groups of TFs were predicted in silico to control cascades of gene expression 617 corresponding to different patterns of transcriptome response to wavelengths across genotypes, 618 patterns which can only arise as the result of a complex signaling network including multiple points 619 of interaction downstream of UVR8 and CRYs. This prediction highlights that current models of 620 signaling downstream of UVR8 and CRYs, rather unsurprisingly, describe only the top portion of a 621 much deeper and ramified signaling network. As our study demonstrates, experiments combining 622 the use of multiple light treatments and multiple mutants in a factorial design allow teasing out 623 some of the signaling complexity that is missing from current models. The in-silico predictions we 624 report can guide the development of hypotheses about the mechanisms and players involved in 625 signaling, hypotheses that will need to be tested in future experiments. 626
627
As the wavelength boundaries for effective sensitivity of UVR8-and CRY-mediated perception of 628 sunlight do not coincide with the definitions of UV-B and UV-A radiation in common use (Björn, 629 2015), we consider that quantification of solar radiation based on these definitions is only 630 marginally useful when studying sunlight perception by plants, i.e., photomorphogenesis rather than 631 stress damage. Even more important, is that in both irradiation-and waveband-attenuation 632 experiments different regions within UV-A will trigger responses through different photoreceptors, 633 possibly resulting in contradictory or confusing results. In the present study, splitting the UV-A 634 waveband at 350 nm into UV-A sw and UV-A lw was the key to revealing the effective roles of UVR8 635 and CRYs in the perception of UV radiation in sunlight. Thus, as we routinely do for red and far-red 636 perpetuity. preprint (which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in The copyright holder for this . http://dx.doi.org/10.1101/2020.01.21.913814 doi: bioRxiv preprint first posted online Jan. 22, 2020; Figure 6 . In vitro monomerization of purified UVR8 protein from Nicotiana benthamiana exposed 884 to UV radiation from a tunable laser. The time of exposure and photon doses at different 885 wavelengths were: 10 min and 1.9 µmol at 300 nm, 30 min and 5.1 µmol at 320 nm, 30 min and 886 4.5 µmol at 325 nm, 30 min and 3.8 µmol at 330 nm, 30 min and 3.4 µmol at 335 nm, 60 min and 887 6.2 µmol at 340 nm, 60 min and 5.8 µmol at 345 nm, 60 min and 5. Table S2 ). 905
